A basic design is proposed, in which the large suspended solid particles from the effluents of conventional intensive shrimp culture were removed by sedimentation pond. Oysters (Crasosirea belied Sowerby) were provided to filter the remaining suspended matter from sedimentation pond and fir some of the nutrients in their body. The system design and operating parameters were based on results from experimentation. The performance was evaluated under basic design and operation assumed 1 ha shrimp pond of 1.5 m depth with regular water exchange of 40% per day and re-dreulating. Under a basic design, it was estimated that a settling pond removed 50% of total suspended solids, 23.9% of total N and 17.7% of total P, while the oysters removed 21 % of total suspended solids, 9% of total N and 6% of total P. There was an estimated increased discharge of only about 2.7% of ammonia-N, 10.1 % of nitrite, 4.6% of nitrate, and 0.2% of ortlionhosohate.
INTRODUCTION
The general over-development of intensive shrimp culture in several camtries has had profound disturbance on the surrounding ecosystem. The two major contributors to pond water quality problems are the over-population of algae and the presence of suspended solids. The control and management of algal density and suspended solids in the water column are vital for the proper management of shrimp pond water. Flushing is still the most widely used method for preventing sudden mass algal mortality, with the water exchange rate varying with the stocking density and the amount of feed given to a pond. Therefore, a method to treat shrimp pond effluent should be developed for improving water quality before discharging or re-circulation.
A settling pond used to remove larger suspended solids, along with oysters C. belcheri as a biofilter to remove small suspended solids for intensive shrimp pond water treatment was designed This design and operating parameters were based on results of previous experiments. The performance of the system was evaluated. On the basis of data obtained from experiments on high density of suspended particles in shrimp pond water, a water velocity of 0.185 cm sec-1 was selected for the design implication in the oyster treatment unit In the basic design, it was assumed that the oyster unit received all of the effluent from the settling unit It was calculated that the water flow rate at outflow of a settling unit was 4.166 m3 min-1 (6,000 m3 d-1). The water velocity was selected at the rate of 0.185 cm sec-1 or equal to 0.111 m min-1 was chosen. It was calculated that a cross sectional area of 375 m2 was required for the oyster culture unit The cross-sectional area of the oyster culture unit was calculated using following formula given by Lawson.4) Based on the data, the remaining wastes from a settling unit included total suspended solids 25.6 mg I-1, total N 1.13 mg r and total P 0.19 mg I-1. The amount of water flowing into the oyster unit 6,000 m3 d-1. It was estimated the oyster unit received 153,600,000 mg d-1 of suspended solids, 6,780,000 mg d-1 total N, and 1,140,000 mg d-1 total P.
DESCRIPTION
In our basic design, it was reasonable to reduce the total suspended solids in effluent down to 15 mg I-1 because the water had to be reused. It was calculated that about 63,600,000 mg d-1 of total suspended solids needed to be removed by the oysters.
Based on the data from this experiment, oysters of size 6-7 cm in length removed 1,212 mg g dry meat wt-1 d-1 of suspended solids at a water velocity of 0.185 cm sec-1. The total suspended solids removed by the oysters was estimated using the model:
Where: 7SS = Total suspended solidsremoved (mggdry meat wt-1 d-1); V = Water velocity (cm sec-1) Thus, it was estimated that the total quantity of oysters needed in the oyster unit was 52,475 g dry meat wt-1 (63,600,000 mg d-1 /1,212 mg g dry meat wt-1 d-1) or equal to 58,306 oysters of length 6-7 cm (average 0.9 g, dry meat wt. per oyster of length 6-7 cm).
A density of 125 oysters per nit was recommended by the Coastal Aquaculture Development Center at Swat Thard province, Thariand. Ten oysters were cemented at 10 cm intervals on a long line (15 m. Based on the data from experiment; it was estimated that the oysters removed 14.9 mg g dry meat wt-1 d-1 of total N and 1.65 mg dry meat wt-1 d-1 of total P at a water velocity of 0.185 cm sec . The total N and total P removed by the oysters were estimated using the models. TN Based on the results from the experimental study, it was estimated that 0.88, 0.64, 039 and 0.01 mg g dry meat wt-1 d-1 of ammonia N, nitrite, nitrate, and orthophosphate, respectively, were regenerated in the oyster unit at a water velocity of 0.185 cm sec-1. The nutrients regenerated in the oyster unit were estimated using the models: .6% and 0.2% of total ammonia N, nitrite, nitrate, and orthophosphate, respectively, were increased in the effluent from the oyster unit The increased concentrations of dissolved nutrients were rather low when compared to the initial concentration from the shrimp pond effluent It was estimated that the whole system removed 71% of total suspended solids, 33 % of total N and 24 % of total P. These estimates assumed a non regeneration of nutrients from both the settled solids in the settling unit and the oyster biodeposits in the oyster unit DICUSSION The average of total suspended solids and nutrients levels in the water from the P. manodon shrimp pond were comparable to those reported in other studies of shrimp pond effluent7,11) The suspended solids and nutrients levels in effluent of the present study were rather high when compared with the aquaculture effluent standard recommended by Pollution Control Departments ; Thompolrang and Pre delumpaburt.10) Wang.12) A basic treatment system to treat intensive shrimp pond effluent is a feasible design by using a settling component to remove the larger suspended solid particles and an oyster culture unit to remove small suspended solids. The water quality in the system can be maintained before re-circulating or discharge into open water. In this study the settling pond performance of the basic design indicated the settling pond was highly effective in removing the suspended solids from shrimp pond effluent when compared with other reported designsa In this study the shrimp pond effluent suspended density was lower than 40 mg I-1. Therefore the settling pond was adequate for the removal of suspended particles in effluent to meet the effluent water quality standard A higher settling rate can be obtained by reducing overflow rate and increasing the settling area, but this may not be feasible in small-scale shrimp farm.
In shrimp pond effluent containing a high density of suspended solids, using only a settling pond to improve effluent is inadequate. The combination of a settling pond and an oyster culture unit in this study improved shrimp pond effluent Similar results have been reported by other authors) Models using a combination of a settling pond and other bivalve culture units to reduce wastes with high efficiency have been. 1, 9) The efficiency of the settling pond in this study was more effective for the removal of total suspended solids, total N and total P compared with the oyster treatment unit In this study, oysters not only removed suspended solids, but they assimilated nutrients from those particles, thus reducing nutrient levels in the effluent, especially nitrogen and phosphorus. Of the suspended solids retained by the oysters 55% were assimilated and the remaining 45% became biodeposits.
The nutrients (nitrogen and phosphorus) contained in suspended solids were retained by the oysters. Some of these nutrients were assimilated and absorbed into the oyster's bodies. The remainder were decomposed into either oyster biodeposits (faeces and pseudofaeoes) or excretory products. The regeneration of nutrients from sediment and oyster biodeposits under realistic conditions was higher than the results from estimation in this study. At present, no actual study on nutrient uptake by oysters and nutrient regeneration from sediment and oyster biodeposits has been performed. It could be expected, with good management, that growing oysters in shrimp pond water outflow passing from a settling pond would produce a high growth rate.
A feasible alternative is a re-circulation system for a proper design. It may reduce the risk of shrimp disease spread, but is not cost effective. The reasonable regular water exchange rate of 40% per day for a re-circulation system in a basic design was comparable to those reported in a flow-through system just before harvest (Hopkins et al., 1993; Lin et al, 1993) . Based on 40 % water exchange per day, an 1-ha shrimp pond needs a 0.046 ha oyster unit (58,306 pieces ) combined with a 0.041 ha settling pond It was estimated that the system would be effective to remove suspended solids in intensive shrimp pond effluent to meet the discharge criteria under a proposed design. Therefore 4.1% of the area be a settling pond and 4.6% of the area be an oyster pond in a treatment system. If greater improvements in water quality were required, then the number of oysters (and hence pond area) could be increased. Under realistic conditions and long teen operations, there seem to be higher rate of nutrient regeneration from the decomposition of sediment and oyster biodeposits. The settling pond and oyster unit should be designed to easily dean them frequently. In addition, other organisms are needed to minimise dissolved nutrients which are regenerated from oyster unit However, the effectiveness of such a strategy remains to be tested.
The basic system design in this study used the data from the experimental study. The operation under a real shrimp pond environment would be required to determine the effectiveness in treating shrimp pond effluent or growth performance of oysters of the basic system design.
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